Mycosis fungoides (MF) and Sézary syndrome (SS) belong to the group of primary cutaneous T-cell lymphomas (CTCL). Regardless of the stage of the disease, patients with MF and SS can suffer from chronic pruritus. The aim of the study was to investigate the correlation between the interleukin 31 (IL-31) serum level, the degree of pruritus and CTCL severity; and to compare the frequency of IL-31 gene polymorphisms between patients and the control group, and between patients at different stages of the disease. Pruritus affected 67.7% of patients with MF and SS in our study. The IL-31 serum level was significantly higher in CTCL patients than in the control group but there were no positive correlation between IL-31 serum level and pruritus. A statistically significant difference in allele frequencies for IL-31 IVS2+12 gene polymorphisms between early and advanced stages was detected; GAG haplotype was more frequent and AGA was less frequent in stage IA patients compared with patients in the other stages of the disease.
In patients with CTCL, pruritus is permanent, and is aggravated in the evening by heat and by water. Most patients report diffuse pruritus, but it can also be limited to skin lesions. Pruritus can be the earliest symptom of CTCL and may occur without skin lesions. It is particularly severe in patients with SS, and folliculotropic and erythrodermic types of MF (15, 16) .
The pathomechanism of pruritus in patients with CTCL is not fully understood. Antihistamines, routinely used with success in pruritic dermatoses, are not as effective in patients with CTCL. Therefore it seems that, besides histamine, other mediators play a role in the pathogenesis of this symptom. According to the literature these mediators include: opioids, gastrin-releasing peptide, substance P, serotonin, proteinases and interleukins (15, 16) .
Interleukin 31 (IL-31), discovered in 2004 (17) , is secreted mainly by activated Th2 cells. Mast cells are also a source of this cytokine (17) (18) (19) . Moreover, in response to ultraviolet irradiation (UV) and hydrogen peroxide monocytes, macrophages, immature and mature monocyte-derived dendritic cells produce IL-31 (20) . IL-31 is related to the IL-6 cytokine family by its structure and receptor complex (21) . IL-31 signals through a heteromeric receptor complex composed of the IL-31 receptor alpha (IL-31 RA) and the oncostatin M receptor beta (OSMR) subunits. The receptor is mainly found on keratinocytes and monocytes. Binding of the receptor complex first activates Janus kinase (JAK) and then activates signal transducers and activators of transcription (STAT), mitogen-activated protein-kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways (22) (23) (24) .
The involvement of this interleukin in the pathogenesis of pruritus is supported by many reports in the literature. Significantly higher levels of IL-31 were found in the skin biopsies taken from patients suffering from pruritic skin diseases compared to those without itching (25) . Higher serum IL-31 levels were also confirmed in pruritic cases of CTCL when compared to non-pruritic ones (26) .
MATERIALS AND METHODS

Participants
The study group included 62 patients (43 with no history of allergy, atopic dermatitis (AD), CTCL or other immune diseases were enrolled in the study.
This study was approved by the medical ethics committee of the Medical University of Gdansk and was conducted according to the principles of the Declaration of Helsinki.
Pruritus
The assessment of pruritus severity was performed with Visual Analogue Scale (VAS) and Numeric Rating Scale (NRS) (VAS, NRS: > 0-≤ 3 = mild; > 3-≤ 7 = moderate; > 7-≤ 9 = severe; > 9 very severe).
Protein assay using ELISA and amplification refractory mutation system-PCR Genomic DNA was prepared from the whole blood samples using Blood DNA Prep Plus (A&A Biotechnology, Gdansk, Poland) following the instructions of the manufacturer. Analysis of polymorphic variants of IL-31 gene was performed by an amplification refractory mutation system PCR (ARMS PCR) method using self-designed specific sequences of oligonucleotides, with internal amplification control of growth hormone1 (GH1) fragment: GH1-F GCCTTCCCAACCATTCCCTTA and GH1-R TCACGGATTTCTGTTGTGTTTC. PCR conditions were as follows: 5 min at 94°C (initial denaturation); 34 cycles of 40 s at 94°C, annealing step for 60 s at 64°C for IL-31-2057, 62°C for IL-31-1066, 53°C for IL-31 IVS2+12 and 90 s at 72°C; and finally 72°C for 5 min. The PCR products were separated on 2% agarose gels and stained with ethidium bromide.
IL-31 protein levels were measured using standard ELISA kits (Bender MedSystems GmbH, Vienna, Austria). All analyses were performed according to the manufacturer's protocol.
Statistical analysis
The results were evaluated by Fisher's exact test, Mann-Whitney U test and Spearman's rank correlation test with the use of STA-TISTICA 10 software (StatSoft). IL-31 haplotype frequencies were estimated by means of tagging SNPs identified in the German population by Schulz et al. (27) , a maximum-likelihood approach, implemented in an expectation-maximization (EM) algorithm, and a Bayesian approach with a Gibbs sampling strategy, implemented in the Excoffier-Laval-Balding (ELB) algorithm. Computations were performed with Arlequin 3.1 software (28) . A p-value of < 0.05 was considered statistically significant.
RESULTS
Medical history
The mean age of the 60 patients with MF and 2 patients with SS at debut of their skin lesions was 54.3 and 48.5 years, respectively. The mean age at which CTCL was first diagnosed was 59.3 in patients with MF and 53.3 with SS. A diagnosis was made before the age of 20 in only one case. Diseases of the cardiovascular system (26 cases) and diabetes (10 cases) were the most common co-morbidities. Other malignancies, current or in the past, were noted in 4 patients.
Pruritus
The prevalence of pruritus in all patients was 67.7%. The mean pruritus severity score for all patients was 2.9 (VAS) and 2.8 (NRS). The mean pruritus scores in patients with early and advanced stage disease were 2.6 (VAS), 2.4 (NRS) and 3.8 (VAS), 4.0 (NRS). There was a statistically significant difference in NRS between the early and the advanced stages (p = 0.036). The mean pruritus scores in patients with stages IA and IV were 1.9 (VAS), 2.0 (NRS) and 4.6 (VAS), 4.7 (NRS), respectively. This difference was statistically significant (VAS p = 0.045; NRS p = 0.049). The highest mean pruritus scores were found in patients with erythroderma (IIIMF+SS): (VAS 5.2), (NRS 5.2), but it was not statistically significant compared to other patients (IA+IB+IIB+IVMF).
IL-31
The median and mean ± SD serum IL-31 levels in healthy controls were 0.000 pg/ml (IQR 0.000) and 0.208 ± 0.709 pg/ml (range: 0-4.1 pg/ml), compared to 3.681 pg/ml (IQR 0.524) and 3.802 ± 0.783 (range: 2.717-7.553 pg/ml) in the patients (p = 0.00001). Serum IL-31 levels were still significantly higher for each subgroup compared to those of the normal controls (I, IIB, IV p = 0.00001; III p = 0.001) (Fig. 1 , Table SI 1 ).
Serum IL-31 in relation to pruritus
No positive correlation was found between serum IL-31 levels and severity of pruritus in the whole group of CTCL patients (p = 0.894, R = 0.017) (Fig. 2) . The intensity of pruritus correlated with serum IL-31 concentrations only in stage IB (p = 0.024, R = 0.458). There were no statistically significant differences in serum IL-31 levels between pruritic cases of CTCL (median 3.687 pg/ml, IQR 0.582; mean 3.714 ± 0.495) and non-pruritic ones (median 3.680 pg/ml, IQR 0.462; mean 3.680 ± 0.462) (p = 0.640).
The genetic variant polymorphisms
Distribution of the genotypes for IL-31 polymorphisms was consistent with a Hardy-Weinberg equilibrium in CTCL and control group. There were no statistical differences in the frequencies of alleles, genotypes and haplotypes between CTCL patients and control group. The frequency of the allele G for the IL-31 IVS2+12 gene polymorphisms was higher in the early (38.9%) than in advanced stages (20.6%) (p = 0.041). The frequency of haplotype GAG was higher in patients with stage IA (EM-14.3%, ELB-9.5%; see Statistical analysis) than IL-31 in CTCL in stage IB (EM-2.1%, ELB-0%) (EM p = 0.047, ELB p = 0.043) and than in other stages (IA+IB+IIB+III+IV) (EM-2.4%, ELB-1.2%) (EM p = 0.017, ELB p = 0.044). In turn, the frequency of haplotype AGA for the IL-31 gene was statistically lower in stage IA (ELB-9.5%) than in other stages (ELB-28.0%) (ELB p = 0.021) (Table SII 1 ).
Serum IL-31 level and pruritus in relation to genetic variant polymorphisms
There were statistical differences in serum IL-31 levels between genotypes AA and AG (p = 0.014), between genotypes AA and GG (p = 0.008) and between genotypes G (+) and G (-) (p = 0.007) for the -2057 gene polymorphisms. Moreover, the serum IL-31 concentrations were statistically higher in patients with genotype GG compared to AA for the IVS2+12 gene polymorphisms (p = 0.028) (Tables SIII  1 and SIV   1 ). Finally, there were statistically significant differences in serum IL-31 levels between haplotype AGA (+) and AGA (-) (EM p = 0.019; ELB p = 0.005) (Tables SV  1 and SVI  1 ) . There were no statistically significant differences in pruritus scores between genotypes and haplotypes for the -1066, -2057, IVS2+12 gene polymorphisms (data not shown).
DISCUSSION
MF and SS, which constitute 70-75% of all CTCL, are known to be associated with significant, distressing pruritus (8) (9) (10) (11) (12) (13) (14) (15) (16) . To date, only a few studies have addressed the prevalence and severity of this symptom.
Green et al. (29) found that pruritus was not an independent prognostic variable in the course of CTCL, however the symptom may be associated with the development of sleep disturbances, depression and fatigue.
The analysis of the demographic data of the patients with MF and SS examined here showed strong similarities, in terms of age and sex, to patients treated at the Medical University in Lodz in 1985-2005 (13) . The male/female ratio was slightly lower in the analysis performed by Agar et al. (M:F = 1.6) (30).
The mean age at diagnosis was 59 years in our study group. This is consistent with other studies. In the Polish study performed by Lesiak et al. (64 subjects), the mean age of the diagnosis was 60 years (13) , and in the analysis carried out by Agar et al. (1,502 patients) the mean age was 54 years (30) .
The mean time between the appearance of first skin lesions and diagnosis was 5 years, which was consistent with the study of Demierre et al. (9) . Diagnostic problems in CTCL are the result of non-specific skin symptoms in the early stage of disease, which can imitate other disorders such as psoriasis or eczema. Of the patients with MF and SS 67.7% reported pruritus. A similar percentage was noted by Lesiak et al. (13) and Vij & Duvic (10) . The percentage of subjects with pruritus was similar to that found in studies in patients with psoriasis (31) and significantly higher than described in acne (32) .
The mean pruritus score for all patients was 2.9 (VAS). In the early stages the mean value was 2.6 and in the advanced stages 3.8. Similar VAS values were reported by Wright et al. (8) . The observations confirm the reports of other authors, that pruritus is more severe in the late stages (33) . The pruritus score was highest in a patient with erythroderma, which is consistent with other studies (12, 15, 16) . The serum IL-31 level in CTCL patients was significantly higher than in the control group. The possible role of IL-31 in the pathogenesis of the disease emerges also from the results presented by Ohmatsu et al. (34) based on a group of 38 patients with CTCL where a significantly higher serum IL-31 level was found in patients with CTCL compared to the control group.
Considering all CTCL patients, there were no correlation between serum IL-31 concentration and pruritus, but a statistically significant relation was demonstrated in patients in stage IB. Singer et al. (26) confirmed higher serum IL-31 levels in cases of pruritic CTCL compared to non-pruritic ones. The high level of IL-31 at the early stages is striking, because of the dominance of Th1 cytokine profile in this period of the disease, while studies in mice and humans showed that IL-31 is mainly but not exclusively secreted by Th2 lymphocytes (17, 35) . It seems that in the case of CTCL early stages, the source of this cytokine could be Th1 cells as well as the inflammatory cells such as monocytes. It is known that monocytes, macrophages and dendritic cells produce IL-31 in response to UV and hydrogen peroxide exposure (17, 20) . It is likely that there are other factors capable of stimulating the cells to produce IL-31, which requires further study.
The lack of correlation between serum IL-31 concentration and pruritus in the entire studied group of CTCL patients, may indicate that this interleukin is not involved in the pathogenesis of pruritus in CTCL. The observed correlation in stage IB and the results of Singer et al. (26) require follow-up studies on a larger group of patients. It should be noted that the mentioned study from United States, which showed a significantly higher serum IL-31 levels in patients with pruritus than without, was performed in a group consisting mainly of patients with the advanced stages of the disease (26) . It seems that Th2 lymphocytes have been the main source of IL-31 in the case of advanced stages. Stott et al. (35) demonstrated also that IL-31 expression is dependent on IL-4, which belong to Th2 cytokines. The elimination of IL-4 from a Th2 environment significantly reduced the expression of IL-31. The same authors also showed the induction of IL-31 by IL-33 (35) .
The fact that dendritic cells may be the source of IL-31 (17, 20) raises the hypothesis that IL-31 produced by these cells attracts lymphocytes into the epidermis. Microscopic and immunophenotypic analysis of Pautrier's microabscesses revealed that they are intraepidermal collections of malignant lymphocytes in close association with dendritic cells (36) . It can be assumed that the cytokines produced by dendritic cells attract CD4 + cells to the epidermis, which affects the progression of the disease (37) . This can explain differences in results between Singer et al. (26) and our study.
While discussing the possible role of IL-31 in the pathogenesis of MF and SS several aspects should be considered. On one hand, MF share many similarities with inflammatory diseases and mimics them for a long period of time. On the other hand, this lymphoma has a malignant potential and could behave very aggressively. In addition, the process of T lymphocytes migration into the epidermis remains unclear in details. It is possible that IL-31 is a component of the microenvironment which paricipates in the extravasation of T cells into the skin (37, 38) .
The role of IL-31 in the pathogenesis of diseases has been confirmed in many inflammatory dermatoses, including AD, allergic contact dermatitis and psoriasis (25, 34, (39) (40) (41) (42) (43) . The increased expression of IL-31 in the skin of transgenic mice correlated with intensity of skin lesions (17, 44) . Skin biopsies from patients with AD and prurigo nodularis showed an increased IL-31 level (25, 40) . Patients with AD and psoriasis had an elevated IL-31 serum level (34, 39-43, 45, 46) .
IL-31 suppresses cell proliferation when the cell density is low and looses antiproliferative activity or even stimulates cell proliferation when the cell density is high at least in a colorectal cancer cell line HTC116 (47) . It is likely that additional signals from different cells modulate IL-31 activity in cell proliferation (22) . Although recent studies have demonstrated that IL-31 is effective in suppressing the proliferation of lung epithelial cells (48, 49) . Furthermore it is known that IL-31 stimulates STAT-3 and STAT-5 (18, 22) , by which some cytokines are involved in haematopoiesis (50) .
Aforementioned reports have some analogy with CTCL behaviour where initially IL-31, demonstrating the antiproliferative activity, could keep the disease at bay and then lead to uncontrolled growth. Higher levels of IL-31 in stage IA compared to stage IV is however incompatible with the results of studies from Japan. The study performed by Ohmatsu et al. (34) revealed an opposite relationship. This may be caused by a small group of patients in stage IV in our study. In other dermatological diseases, correlation of IL-31 with disease activity has been shown in AD (40) (41) (42) (43) (44) and mastocytosis (51) . This correlation has not been found in patients with psoriasis (39) .
The genetic variant IL-31 polymorphisms in CTCL have not been studied yet. Studies have only been performed in patients with AD, hand eczema and asthma. In the case of AD, Schulz et al. (27) revealed that GAA haplotype predisposes to the development of AD with normal levels of IgE (nonatopic eczema, NAE). Hong et al. (52) showed that the 2 of IL-31 SNPs were not associated with the development of AD with elevated IgE (atopic eczema, AE), which suggests a connection with NAE. In turn, Lan et al. (53) demonstrated a relationship between specific alleles of IL-31 and AD, but not with non-atopic hand dermatitis. Moreover, Sokołowska-Wojdyło et al. (46) demonstrated that specific alleles and genotypes of the genetic variant IL-31 polymorphisms are more common in patients with AD than in healthy controls and are a risk factor for AD development. There were no difference in the frequency of alleles and genotypes genetic variant IL-31 polymorphisms between patients with asthma and healthy controls (54) .
In view of the fact that AD and CTCL have many similarities, such as eosinophilia, elevated IgE level (34) , and the observation that severe AD is a risk factor of lymphomas (55) , it seemed that the study of the genetic variant IL-31 polymorphisms in CTCL, proposed by Schulz et al. (27) should find individuals who are predisposed to developing CTCL as well as to find the factors which may indicate the progression when the disease has already been diagnosed.
No differences in allele and genotype frequencies between CTCL and control group have been found. This observation suggests a lack of association between genetic variant IL-31 polymorphisms and the development of CTCL.
There was a significant difference in the frequency of alleles at a locus IVS2+12 between patients in the early and advanced stages. Allele A IVS2+12A/G locus was more frequent in patients in the advanced stages and could be a factor contributing to tumour progression. Differences in the frequency of haplotypes between stage IA and others were also shown, which could serve at the beginning of the disease as an indicator how a patient will progress in the future.
As far as the course of the disease is considered, significant differences are noticeable in the "aggressiveness" between individual patients. Studies have shown that patients with stage IA have a life expectancy comparable to the control population and over 90% of them will not go into more advanced stages (30, 56) . The presence of GAG haplotype may be a good prognostic factor, "protecting" patients from disease progression. The presence of AGA haplotype may indicate that the disease may progress in the future.
Statistically, differences in the serum IL-31 levels between patients with specific genotypes and haplotypes are difficult to interpret. Long-term observation of these patients should be undertaken. Perhaps specific genotypes and haplotypes of genetic variant IL-31 polymorphisms, which demonstrated higher levels of IL-31, mark a more rapid progression of the disease. The genetic variant IL-31 polymorphisms studies performed in CTCL are unique and important, however, this requires further investigation.
